. In all cases the cells were treated with 1)EAE-D for 1 hr before infection.
The mouse Fv-1 locus consists of at least two alleles, [V-i' and Fv-lb, which reciprocally control the susceptibility of mice to N and B host-range tylpes of murine leukemia viruses (1) (2) (3) . Resistance is dominant and F1 hybrids restrict both types of virus. The Fv-1 gene is also expressed in cultured cells but the restriction is not absolute, and titration of the restrictecl virus yields two-hit kinetics (4) (5) (6) (7) . While cells of F1 hybrids restrict both N-and B-tropic viruses, a class of viruses designated NB-tropic are not restricted by either allele. While most mouse strains have one or the other Fv-i allele, a cell line established from wild mice (SC-i) lacks the ['v-i gene and is sensitive to all three classes of virus (Dr. Janet Hartley, personal communication) .
Studies on the mechanism of the Fv-i restriction have shown that the inhibition is intracellular (8) (9) (10) (11) . Analysis of the fate of virus in heterokaryons of permissive and nonpermissive cells indicated that the restriction functions at some early postpenetration step in infection (I1). Since chemical activation of endogenous leukemia virus (12, 13) is not restricted by the Fv-i gene (14, 15) , these results suggest that the restriction functions against some event leading to the formation of the DNA p)rovirus that is intermediate in virus replication (16) .
The studies described here are directed at the mechanism of the Fv-i restriction and show that extracts of nonpermissive cells reciprocally inhibit virus infection in permissive cells.
The specificity of inhibition indicates that a product of the ['v-i (17) .
The host-range specificity of the virus stocks was (letermine(l by titration on N-and B3-type cells (11 18 hr, the cells were treated with DEAE-D for 1 hr, washed, and the respective cell extract added for 2 hr.
The cells were then washed and given complete medium. At the indicated intervals three cultures per group were labeled with [3H]thymidine (1 MiCi/ml, 2 Ci/mM) for 1 hr and the amount incorporated (trichloroacetic acid insoluble) was determined as described previously (17) . Protein concentration of each sample was determined by theLowry method (19) . Cell counts were determined on duplicate cultures at each interval. (2, 6) . The nature of the two-hit response is not understood and is a complex phenomenon. The cell extracts proportionately reduced infection by virus dilutions but did not convert the infection to a two-hit pattern, however, the specificity of the inhibition by nonpermissive cell extracts indicates that the effect is a specific property of the nonpermissive cell extract.
RESULTS

Effect of Extracts of
The effect of the cell extracts, including Fv-1l/b cells, were tested also on the infection of N-, B-, and NB-tropic viruses in Fv-1 -cells in a combined experiment ( (Fig. 2) Secondary cultures of BALB/c or NIH Swiss embryo cells were treated with DEAE-D, washed, and incubated with the respective cell extract for 2 hr. After washing, the cells were infected for 2 hr at 37°. After 72 hr, the cultures were UV-irradiated (1800 ergs/mm2) and overlayed with uninfected cells of the same type. After 72 hr, the cells were irradiated again and overlayed with XC cells. The cultures were fixed 3 days later, stained, and the PFU were counted in duplicate cultures at each dilution.
TNC, too numerous to count. Numbers in parenthesis represent percent inhibition.
The inhibitor effect of fresh extracts was destroyed by heating at 600 for 0.5 hr and was stable for only 2 (Fig. 3) synthesis of permissive cells. Permissive cells (N-type) were treated with extracts of Fv-lb/ or Fv-i101 cells or no extract, and the rate of DNA synthesis was tested by pulse-labeling with [3HIthymidine and the rate of cell growth was measured by protein assay and cell counts. Since there was no significant inhibitory effect of either cell extract on these parameters (Fig. 4A, B, and C nonpermissive cells by sonic disruption, can be taken up by permissive cells, and inhibits some relatively early event in virus infection. Since the nonpermissive cells were not exposed to exogenous virus before disruption, and showed no evidence of spontaneous endogenous virus activation, it appears that the inhibitor(s) is present or continuously synthesized by the cells.
The specificity of the inhibitor(s) for the virus host-range types naturally restricted in vivo and in cell culture, shows an effect consistent with a product of the Fe-i gene. The Fv-i gene has been assigned to linkage group VIII (23) , and resistance to N-or B-tropic virus leukemogenesis in vivo is dominant (1) (2) (3) 24) . Cells from resistant mice also restrict virus infection in cell culture (4, 5) , and the cells of F1 hybrid mice restrict both virus host-range types (5) . The gene does not restrict the chemical activation of endogenous leukemia virus of the nonpermissive host, but does restrict perpetuation of the activated virus (5, 14, 15) . In cell culture, the resistance is not absolute and high virus concentrations can overcome the restriction (3, 4, 7) .
The properties of the inhibitor(s) extracted from nonpermissive cells are consistent with the functions of the Fe-1 gene outlined above. The inhibitor(s) was present only in cells with the nonpermissive allele and was effective only against the host range type naturally restricted. At the concentrations tested, the extracts did not completely inhibit infection but the effect was of relatively long duration. Virus was not inactivated by incubation with nonpermissive cell extracts and there was no inhibition of virus attachment by treatment of the cells. The inhibitor(s) also had no effect on cell DNA synthesis and multiplication. Exogenous virus in- fection requiree the function of viral reverse transcriptase and the formation of a DNA provirus (16) , but reverse transcriptase does not appear to be required for activation (17) . Since 
